stickleback could be used in a mechanistic framework to predict how groups of different personality types will behave when interacting together.
11. Herbert-Read, J.E., Krause, S., Morrell, L.J., Schaerf, T.M., Krause, J., and Ward, A.J.W. The sensations of sound, acceleration and touch are mediated by mechanotransduction channels, which convert mechanical stimuli into electrical responses. [9, 10] . The structure of fly NOMPC, a mechanotransduction channel in invertebrates and lower vertebrates, was recently solved by cryo-electron microscopy (cryo-EM) [11] ; remarkably, the structure contains a bundle of helices ( Figure 1A ), suggesting that the gating spring may literally be a coil spring! NOMPC is a member of the TRP family of ion channels [5] . The structure of the founding member of this family, the capsaicin-sensitive thermoreceptor TRPV1, was a landmark achievement in the cryo-EM revolution; its sub-4 Å resolution, the first for an EM structure of an ion channel, was sufficient to identify the individual amino acid side chains [12] . The new work shows that NOMPC's pore, which is similar to the TRPA1 pore [11, 13] , has its cytoplasmic gate closed, as expected because there is no external force on the channel. The exciting new feature is that the 29 ankyrin repeats (ARs) in each of the subunits of the homotetramer [11] form a bundle of closely associated helices -the AR helix bundle. The carboxyl terminus of each AR helix is coupled to the transmembrane pore-forming region via the linker helices and the TRP domain [11] , suggesting that the helices can convey force to the pore's gate. The structure of the helix bundle raises many mechanical questions about the gating of these channels.
The AR helix bundles of NOMPC likely contribute to the 16-nm-long membranemicrotubule connectors (MMCs) located in the mechanically sensitive organelle of insect campaniform mechanoreceptors [14] . Analysis of the geometry of the campaniform receptor, which senses deformation of the cuticle, suggests that compression of the MMC opens the channel [15] . Transmission EM micrographs of mechanically stimulated receptors indicate that the MMCs might be stretched or compressed by as much as several nanometers [14, 15] . Furthermore, mechanical measurements in fly bristle receptors, which are structurally related to campaniform receptors, indicate that the stiffness of an individual MMC is on the order of 3 pN/nm [16] . Based on these mechanical measurements and the helical structure of the 12-ankyrin repeat domain from ankyrin, it was predicted that the 29 ARs of each NOMPC formed one turn of a helix [9] , similar to that observed by Jin et al. [11] . In light of the revelation of the AR helix bundle [11] , we discuss the implications of this structure on three channel properties: the mechanics of the gating, the cooperativity of pore opening, and how forces might be transmitted to the pore via the microtubule cytoskeleton. How might tension or compression in the AR helix bundle, illustrated diagrammatically in Figure 1B , alter the probability of the channel being in its open state? Consider a spring of stiffness k connected to the gate of an ion channel that shortens the spring by a distance d upon opening. If a strain X in the spring increases the open probability e-fold, then
where k is the Boltzmann constant and T is absolute temperature ðkTz4 pN,nmÞ [17] . Given that the strain is likely to be on the order of a few nanometers to account for the dynamic range of the receptor and that the swing of the channel's gate is on the order of 0.5 nm, then the stiffness is expected to be on the order of 4 pN/nm, or about 1 pN/nm per helix, similar to that of the MMC. This value is similar to that measured for purified ankyrin molecules [18] and is predicted based on structural calculations for a proteinaceous coil [9, 19] . Thus, the structure of the AR helix bundle confers a stiffness that makes the domain an ideal sensor of nanometer strains. In addition to increasing the axial stiffness, the bundle is expected to stabilize the individual helices against transverse shear or buckling. An important issue is cooperativity. The new structure indicates that each helix makes several contacts with its neighbors in the bundle [11] . If the contacts were rigid, then the main mechanical consequence would be that the helices stretch and compress as a unit. Such coupling, therefore, would imply that the transition of the pore from its closed to open state entails a coordinated, concerted conformational change of all the helices in the tetramer. Interestingly, Jin et al. [11] found that coupling between the AR helices is through polar interfaces that may allow alternative contacts. Consistent with this idea, particle sorting provided evidence for structural subclasses with different interactions between their AR helices. Thus, the individual helices may slip with respect to their neighbors, allowing independent gating transitions within the individual subunits. This may broaden the dynamic range of the receptor so that it opens over a wider range of strains. If there is slip between the helices, NOMPC might operate like voltage-gated potassium channels, which do not undergo a single concerted conformational change, but can adopt a multiplicity of conformations in their closed states [20] .
The third issue is coupling to the cytoskeleton. The amino terminus of NOMPC is thought to bind to microtubules. The 13-nm spacing of the feet of the AR helix bundle [11] (Figure 1C ) is of appropriate dimension to bind to the wall of the 25-nm diameter microtubule ( Figure 1D ). However, there is a problem: the AR helix bundle has fourfold rotational symmetry, whereas the microtubule has translational symmetry. A possible solution to this problem is that the aminoterminal sequence preceding the first ankyrin repeat -120 amino acids in flies, but highly divergent among the different organisms -is a microtubule-binding domain (MBD). This sequence is predicted to be disordered and is not seen in the cryo-EM structure. If this sequence forms the microtubule-binding domain, then each domain needs to bear a tension as high as 10-20 pN, a considerable force but still smaller than the unfolding force for an AR [19] . In this picture, the AR helix bundle stabilizes the microtubule binding by distributing the force among four footholds contributed by the individual AR helices. The microtubule-binding domains may be functionally similar to the intrinsically disordered regions of the microtubulebinding protein tau. Clearly, more structural information is required here.
In summary, the cryo-EM structure of the NOMPC receptor supports the hypothesis that the AR domain acts as a gating spring to convey forces to the channel's pore. This provides the first molecular picture for how a tethered gating model might operate and raises many mechanical and structural questions about how forces impact protein structure and function.
New possibilities for treating posttraumatic stress disorder and anxiety disorders involving abnormal memories are emerging from analysis of persistent protein kinase activation and mechanisms of synapsespecific modification, known as synaptic tagging.
Memories are central to our identities as individual human beings and as societies. Even in species with more primitive nervous systems, memories enable adaptive modification of behavior based on experience, which is critical for their success. When multiple defensive behaviors are enhanced following learning with aversive cues or threats, frequently a general fearful state develops. In some instances, cues not directly linked with a threatening event may develop associations with the fearful memory or state of fear. When fear comes to be triggered inappropriately in the absence of a threat, the consequence is an anxiety disorder or posttraumatic stress disorder (PTSD). Indeed, PTSD is related to fear conditioning in animal models, in which a cue or context is associated with an aversive stimulus, such as a shock. Advances in our understanding of the molecular basis of memory should yield greatly improved strategies for treating memory disorders, including dementia and learning disorders, and those psychiatric disorders involving a maladaptive memory process, most notably PTSD [1, 2] . A number of these advances have been made in the marine gastropod Aplysia, which is an important model system for studying cellular and molecular mechanisms of learning. Aplysia exhibits multiple forms of both non-associative and associative learning, including fear conditioning. An exciting advance described in a recent issue of Current Biology by Hu et al. [3] was made through experiments on Aplysia neurons, and represents the intersection of two important lines of investigation: firstly, persistently active protein kinases and, secondly, synaptic tagging and capture. Both mechanisms contribute to synaptic modifications that form the foundation for memories.
By 1980, it was known that short-term changes in the strength of synaptic connections involve posttranslational modification of proteins mediated by intracellular signaling cascades and protein phosphorylation. Jimmy Schwartz proposed that during the formation of stable synaptic changes that outlast brief initiating intracellular signals, distinct forms of protein kinases are generated that exhibit persistent activity with little or no requirement for the activating signal [4, 5] . One such example extensively studied by Todd Sacktor is a truncated, autoactive form of protein kinase C (PKC), known as PKM, which lacks its regulatory domain. PKM zeta (PKMz), derived from an atypical PKC, has been implicated both in maintenance of a long-lasting increase in synaptic strength in hippocampus, known as long-term potentiation, and in maintenance of stable memories in more than a dozen learning paradigms [6] . Experiments suggesting a role for PKMz often relied on an inhibitory peptide ZIP, the specificity of which has been recently
